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(57) ABSTRACT

An exemplary torque-limiting spindle includes an input
member, an output member, a clutch mechanism, and a bias
mechanism. The mput member extends along a longitudinal
axis, 1s configured for connection with a handle, and
includes a first engagement feature. The output member
extends along the longitudinal axis, 1s configured for con-
nection with a rotatable member of a lockset, and 1ncludes
a second engagement feature. The clutch mechanism
includes the first engagement feature and the second engage-
ment feature. The bias mechanism 1s engaged with the input
member and the output member and exerts a biasing force
urging the first engagement feature and the second engage-
ment feature into engagement with one another.

23 Claims, 7 Drawing Sheets
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1
TORQUE-LIMITING SPINDLE

TECHNICAL FIELD

The present disclosure generally relates to locksets, and
more particularly but not exclusively relates to systems and
methods for limiting a torque input to a lockset.

BACKGROUND

Certain locksets include a handle that 1s operable to retract
a bolt when the lockset 1s 1n an unlocked condition, and
which cannot retract the bolt when the lockset 1s 1n a locked
condition. In such locksets, 1t 1s common to lock the handle
in position when the lockset 1s 1 the locked condition,
thereby preventing the handle from retracting the bolt.
However, such locksets can be susceptible to an over-
torqueing attack, i which an excessive torque 1s applied to
the handle. Such excessive torques can damage the handle
and/or the internal components of the lockset. As such,
certain locksets include a mechanism that prevents excessive
torques from being transmitted from the handle to the
internal components of the lockset, such as a frangible
clement or a slip clutch. However, existing forms of such
torque-limiting mechanisms sufler from certain drawbacks
or limitations. For example, frangible elements must be
replaced after being broken, and existing slip clutches are
typically complex and require several parts, such as rollers
that can be lost 1f the slip clutch i1s opened. Moreover,
traditional slip clutches, upon slhipping, provide the handle
with a new home orientation, and it may be diflicult to return
the handle to its desired home orientation. For these reasons
among others, there remains a need for further improve-
ments 1n this technological field.

SUMMARY

An exemplary torque-limiting spindle includes an input
member, an output member, a clutch mechanism, and a bias
mechanism. The input member extends along a longitudinal
axis, 1s configured for connection with a handle, and
includes a first engagement feature. The output member
extends along the longitudinal axis, 1s configured for con-
nection with a rotatable member of a lockset, and includes
a second engagement feature. The clutch mechanism
includes the first engagement feature and the second engage-
ment feature. The bias mechanism 1s engaged with the input
member and the output member and exerts a biasing force
urging the first engagement feature and the second engage-
ment feature into engagement with one another. Further
embodiments, forms, features, and aspects of the present
application shall become apparent from the description and
figures provided herewith.

BRIEF DESCRIPTION OF THE FIGURES

FIG. 1 1s a partially-exploded assembly view of a lockset
according to certain embodiments.

FIG. 2 1s a plan view of a chassis assembly of the lockset
illustrated 1n FIG. 1.

FIG. 3 1s a perspective 1illustration of a torque-limiting
spindle according to certain embodiments.

FIG. 4 1s a partial cutaway view of the torque-limiting
spindle illustrated in FIG. 3.

FIG. 5 1s a perspective view of an input member of the
torque-limiting spindle illustrated in FIG. 3.
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FIG. 6 1s a perspective view of an output member of the
torque-limiting spindle illustrated in FIG. 3.

FIG. 7 1s a partial cutaway view of the torque-limiting
spindle 1llustrated in FIG. 3.

FIG. 8 1s a proximal end view of the torque-limiting
spindle 1llustrated in FIG. 3.

FIG. 9 1s a partial cutaway view of a torque-limiting
spindle according to certain embodiments.

FIG. 10 1s a cross-sectional illustration of a torque-
limiting spindle according to certain embodiments.

FIG. 11 1s a cross-sectional illustration of a torque-
limiting spindle according to certain embodiments.

FIG. 12 1s an end view of the torque-limiting spindle
illustrated 1n FIG. 11.

T

DETAILED DESCRIPTION OF ILLUSTRATIV.
EMBODIMENTS

Although the concepts of the present disclosure are sus-
ceptible to various modifications and alternative forms,
specific embodiments have been shown by way of example
in the drawings and will be described herein 1n detail. It
should be understood, however, that there 1s no intent to
limit the concepts of the present disclosure to the particular
torms disclosed, but on the contrary, the intention 1s to cover
all modifications, equivalents, and alternatives consistent
with the present disclosure and the appended claims.

References in the specification to “one embodiment,” “an
embodiment,” “an illustrative embodiment,” etc., indicate
that the embodiment described may include a particular
feature, structure, or characteristic, but every embodiment
may or may not necessarily include that particular feature,
structure, or characteristic. Moreover, such phrases are not
necessarilly referring to the same embodiment. It should
turther be appreciated that although reference to a “pre-
terred” component or feature may indicate the desirability of
a particular component or feature with respect to an embodi-
ment, the disclosure 1s not so limiting with respect to other
embodiments, which may omit such a component or feature.
Further, when a particular feature, structure, or characteristic
1s described in connection with an embodiment, it 1s sub-
mitted that 1t 1s within the knowledge of one skilled 1n the
art to implement such feature, structure, or characteristic 1n
connection with other embodiments whether or not explic-
itly described.

As used herein, the terms “longitudinal,” “lateral,” and
“transverse” are used to denote motion or spacing along
three mutually perpendicular axes, wherein each of the axes
defines two opposite directions. In the coordinate system
illustrated 1n FIG. 1, the X-axis defines first and second
longitudinal directions, the Y-axis defines first and second
lateral directions, and the Z-axis defines first and second
transverse directions. These terms are used for ease and
convenience ol description, and are without regard to the
orientation of the system with respect to the environment.
For example, descriptions that reference a longitudinal
direction may be equally applicable to a vertical direction, a
horizontal direction, or an off-axis orientation with respect to
the environment.

Furthermore, motion or spacing along a direction defined
by one of the axes need not preclude motion or spacing
along a direction defined by another of the axes. For
example, elements that are described as being “laterally
oflset” from one another may also be oflset 1n the longitu-
dinal and/or transverse directions, or may be aligned 1n the
longitudinal and/or transverse directions. The terms are
therefore not to be construed as limiting the scope of the
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subject matter described herein to any particular arrange-
ment unless specified to the contrary.

Additionally, it should be appreciated that 1items included
in a list 1n the form of ““at least one of A, B, and C” can mean
(A); (B); (C); (Aand B); (B and C); (A and C); or (A, B, and
C). Stmilarly, 1items listed in the form of “at least one of A,
B, or C” can mean (A); (B); (C); (A and B); (B and C); (A
and C); or (A, B, and C). Items listed 1n the form of “A, B,
and/or C” can also mean (A); (B); (C); (A and B); (B and C);
(A and C); or (A, B, and C). Further, with respect to the

claims, the use of words and phrases such as “a,” “an,” “at
least one,” and/or “at least one portion” should not be
interpreted so as to be limiting to only one such element
unless specifically stated to the contrary, and the use of
phrases such as “at least a portion™ and/or “a portion™ should
be 1interpreted as encompassing both embodiments including
only a portion of such element and embodiments including
the entirety of such element unless specifically stated to the
contrary.

In the drawings, some structural or method features may
be shown 1n certain specific arrangements and/or orderings.
However, it should be appreciated that such specific arrange-
ments and/or orderings may not necessarily be required.
Rather, 1n some embodiments, such {features may be
arranged 1n a different manner and/or order than shown 1n
the illustrative figures unless indicated to the contrary.
Additionally, the inclusion of a structural or method feature
in a particular figure 1s not meant to imply that such feature
1s required 1n all embodiments and, 1n some embodiments,
may be omitted or may be combined with other features.

With reference to FIG. 1, illustrated therein 1s a lockset
100 according to certain embodiments. The lockset 100
generally includes a handle 110, a chassis assembly 200
configured for mounting 1 a door, and a torque-limiting
spindle 300 according to certain embodiments. As described
herein, the chassis assembly 200 includes a latchbolt 220
and a rotatable member 1n the form of a hub 230 connected
with the latchbolt 220 such that rotation of the hub 230
retracts the latchbolt 220, and the spindle 300 i1s connected
between the handle 110 and the hub 230 to selectively
transmit torque from the handle 110 to the hub 230. While
the illustrated lockset 100 1s provided in the form of a
mortise lockset, 1t 1s also contemplated that the spindle 300
described herein may be utilized in connection with other
forms of locksets and/or handlesets, such as cylindrical
format locksets, tubular format locksets, and escutcheon
format handlesets (e.g., exit device trims).

The 1llustrated handle 110 generally includes a shank 112
that extends along a longitudinal axis 102 and a lever portion
114 that extends 1n at least one direction transverse to the
longitudinal axis 102. The shank 112 includes a cavity 113
operable to recerve a input member 310 of the spindle 300
for rotational coupling with the mput member 310. While
the illustrated handle 110 1s provided as a lever handle, 1t 1s
also contemplated that the handle 110 may be provided as a
knob handle or another form of manual actuator, such as a
thumbturn.

With additional reference to FIG. 2, the chassis assembly
200 generally includes a case 210, a latchbolt 220 movably
mounted 1n the case 210 for movement between an extended
position and a retracted position, a hub 230 rotatably
mounted 1n the case 210, a retractor 240 configured to retract
the latchbolt 220 1n response to rotation of the hub 230 from
a home position, a catch 250 operable to selectively prevent
rotation of the hub 230 from the home position, and a drive
assembly 260 operable to move the catch 250 between a
locking position and an unlocking position.
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The case 210 1s configured for mounting 1n a door, and 1n
the 1llustrated form 1s configured for mounting 1n a mortise
of a door. The case 210 generally includes a housing 212 and
a cover plate 214 removably coupled to the housing 212 to
enclose the internal components of the chassis assembly 200
within the case 210.

The latchbolt 220 1s mounted within the case 210 for
movement between an extended position and a retracted
position, and generally includes a latchbolt head 222 and a
taill 224 extending rearward from the head 222. A biasing
member such as a spring 226 1s engaged with the latchbolt
220 and biases the latchbolt 220 toward 1ts extended posi-
tion. As described herein, the tail 224 1s engaged with the
retractor 240 such that the retractor 240 1s operable to retract
the latchbolt 220 1n response to rotation of the hub 230 from

its home position.

The hub 230 1s rotatably mounted 1n the case 210 for

rotation about the longitudinal axis 102, and generally
includes a body portion 232 defining an opening 233 and an
arm 234 projecting from the body portion 232 in a first
direction, and in the 1illustrated form further includes a
projection 236 projecting from the body portion 232 1n a
second direction different from the first direction. The open-
ing 233 1s operable to receive an output member 320 of the
spindle 300 for rotational coupling with the output member
320. While the illustrated openming 233 has a generally
square-shaped geometry, 1t 1s also contemplated that other
geometries may be utilized. As described herein, the arm
234 15 operable to engage the retractor 240 for retraction of
the latchbolt 220, and the projection 236 1s operable to
engage the catch 250 to selectively lock the hub 230. It
should be appreciated that a second hub may be positioned
on an opposite side of the retractor 240 as the illustrated hub
230 for engagement with a second handle via a second
spindle.
The retractor 240 1s pivotably mounted 1n the case 210
and 1s engaged with the latchbolt tail 224. The retractor 240
includes a longitudinally-projecting post 242 operable to
engage the arm 234 of the hub 230. During rotation of the
hub 230 from its 1llustrated home position 1n an actuating
direction (clockwise in FIG. 2), the arm 234 engages the post
242 and pi1vots the retractor 240 1n a corresponding actuating
direction, thereby causing the retractor 240 to retract the
latchbolt 220. In embodiments in which the chassis 200
includes a second hub opposite the hub 230, rotation of the
second hub may similarly actuate the retractor 240 for
retraction of the latchbolt 220.

The catch 250 1s movably mounted 1n the case 210 for
lateral movement between a locking position and an unlock-
ing position, and 1n the 1llustrated form includes a recess 252
operable to receive the projection 236, and a cam slot 254
operable to engage the drive assembly 260. When the catch
250 1s 1n 1ts locking position, the projection 236 1s received
in the recess 252 such that the catch 250 prevents rotation of
the hub 230 from its home position. When the catch 250 1s
moved toward 1ts unlocking position (to the right in FIG. 2),
the recess 252 moves away from the projection 236, thereby
permitting rotation of the hub 230. In the illustrated form,
the hub 230 includes a projection 236, and the catch 2350
includes a recess 252 operable to receive the projection 236.
It 1s also contemplated that other configurations may be
utilized 1n order for the catch 250 to selectively lock the hub
230 against rotation. For example, the catch 250 may
include a projection, and the hub 230 may include a recess
that receives the catch projection when the catch 250 1s 1n its
locking position.
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The drive assembly 260 1s engaged with the catch 250 and
1s operable to move the catch 250 between 1ts locking
position and its unlocking position. The drive assembly 260
generally includes a link 262 mounted for movement
between a first transverse position and a second transverse 3
position to laterally drive the catch 250 between its locking
position and its unlocking position. More particularly, a
projection such as a pin 263 extends into the cam slot 254
such that engagement between the cam slot 254 and the pin
263 causes the catch 250 to move laterally between 1ts 10
locking position and 1ts unlocking position 1n response to
transverse movement of the link 262 between its first
position and 1ts second position.

In the illustrated form, the drive assembly 260 further
includes an electromechanical driver 264 and a transmission 15
266 engaged between the driver 264 and the link 262 such
that the driver 264 1s operable to move the link 262 between
its first and second positions. Additionally or alternatively,
the drive assembly 260 may include mechanical features for
driving the link 262 between 1ts first position and its second. 20
While other configurations are contemplated, 1n the 1llus-
trated form, the driver 264 1s provided as a rotary motor
having a threaded output shatt 265, and the transmission 266
includes a spring 267 and a threaded coupler 268. One end
of the spring 267 1s engaged with the link 262, and the other 25
end of the spring 267 1s engaged with the shatt 265 via the
coupler 268.

Rotation of the shaft 265 1n a first rotational direction
drives the coupler 268 1n a first transverse direction, thereby
causing the spring 267 to exert a corresponding transverse 30
force on the link 262. This force drives the link 262 from 1ts
first position toward 1ts second position, thereby moving the
catch 250 from its locking position to 1ts unlocking position.
Conversely, rotation of the shaft 265 in a second rotational
direction opposite the first rotational direction drives the 35
coupler 268 1n a second transverse direction opposite the
first transverse direction, thereby causing the spring 267 to
exert a corresponding transverse force on the link 262. This
force drives the link 262 from 1ts second position toward 1ts
first position, thereby moving the catch 250 from its unlock- 40
ing position to 1its locking position.

It should be appreciated that the illustrated arrangement of
the drive assembly 260 1s intended as an example only, and
that other configurations are contemplated. As one example,
the spring 268 may be rotationally coupled with the shaft 45
265, and coils of the spring 268 may be engaged with the
link 262 such that rotation of the spring 268 in opposite
rotational directions urges the link 262 in opposite trans-
verse directions. As another example, the motor may be
replaced with a solenoid or another form of linear actuator 50
that drives the link 262 between 1ts first and second posi-
tions. As a further example, the electromechanical driver
264 may be omitted, and movement of the link 262 may be
accomplished mechanically, for example by turning a
thumbturn of the lockset 100 and/or a key associated with 55
the lockset 100.

With additional reference to FIGS. 3 and 4, the torque-
limiting spindle 300 generally includes a proximal input
member 310, a distal output member 320, a clutch mecha-
nism 330 defined by the mput member 310 and the output 60
member 320, and an internal bias mechanism 350 biasing
the mput member 310 and the output member 320 into
contact with one another, and may further include one or
more stop features 360. As described herein, the input
member 310 1s configured for connection with the handle 65
110, the output member 320 1s configured for connection
with the hub 230, the clutch mechanism 330 1s configured to

6

limit torque transmission between the input member 310 and
the output member 320 to a threshold torque, the bias
mechanism 350 generates a biasing force corresponding to
the threshold torque, and the stop feature(s) 360 aid in
retaining the bias mechanism 350 within the spindle 300.

With additional reference to FIG. 5, the input member 310
extends along the longitudinal axis 102 and 1ncludes a body
portion 312 sized and shaped to be received 1n the cavity 113
of the shank 112, and a distal end portion 314 that defines a
first engagement feature 331 of the clutch mechanism 330.
A chamber 316 extends at least partially through the input
member 310 and 1s defined 1n part by a distal shoulder 317.
In the illustrated form, the chamber 316 extends to an open
proximal end 318 of the input member 310. As described
herein, the bias mechanism 3350 1s partially seated in the
chamber 316, and engages the shoulder 317 to distally urge
the mput member 310 1nto engagement with the output
member 320.

With additional reference to FIG. 6, the output member
320 extends along the longitudinal axis 102 and includes a
body portion 322 sized and shaped to be received in the
opening 233 of the hub 230 and a proximal end portion 324
that defines a second engagement feature 335 of the clutch
mechanism 330. In the illustrated form, a threaded bore 326
1s formed 1n the output member 320 and receives a distal end
portion of a bolt 354 of the bias mechanism 350. It 1s also
contemplated that the bore 326 may not necessarily be
threaded. The output member 320 may further include a
flange 328, and a spring may be positioned between the
shank 112 and the flange 328 to bias the body portion 322
into the hub opening 233, thereby accommodating for dii-
terent thicknesses of the door panel to which the lockset 100
1s installed.

The clutch mechanism 330 includes a first engagement
teature 331 defined by the distal end portion 314 of the input
member 310 and a second engagement feature 335 defined
by the proximal end portion 325 of the output member 320.
As described herein, the engagement features 331, 3335 are
biased into engagement with one another by the bias mecha-
nism 350. Each of the illustrated engagement features 331,
335 1s provided as a wave-like engagement feature including
a plurality of ramps that define at least one projection and at
least one recess. For example, the illustrated first engage-
ment feature 331 includes a plurality of first ramps 332 that
at least partially define a plurality of first projections 333 and
a plurality of first recesses 334 positioned between the first
projections 333. Similarly, the illustrated second engage-
ment feature 335 includes a plurality of second ramps 336
that at least partially define a plurality of second projections
337 and a plurality of second recesses 338 positioned
between the second projections 337. The ramps 332, 336 arc
shaped to generally conform to one another such that the first
projections 333 are received within the second recesses 338
and the first recesses 334 recerve the second projections 337.

With additional reference to FI1G. 7, the 1llustrated internal
bias mechanism 350 1s mounted within the input member
310 and the output member 320, and generally includes a
spring 352 and a bolt 354 to which the spring 352 1s
mounted. The bolt 354 includes an elongated body 355, a
proximal head 356, and a distal threaded portion 358. The
bolt 354 1s primarnly positioned in the chamber 316 of the
input member 310, and the distal threaded portion 358 1is
threaded into the threaded bore 326 of the output member
320 to provide the bolt 354 with a fixed longitudinal position
relative to the output member 320. It 1s also contemplated
that the distal portion 358 may not necessarily be threaded,
and may instead be engaged with the output member 320 1n
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another manner, such as via a fastener and/or adhesive. As
described herein, however, the threaded engagement
between the bolt 354 and the output member 320 may
tacilitate adjustment of the preloading of the spring 352 to
thereby adjust the threshold torque that the spindle 300 1s
capable of transmitting. The bolt body 3355 extends through
the spring 352 such that the spring 352 is captured between
the head 356 and the shoulder 317. As a result, the spring
352 distally biases the imnput member 310 into contact with
the output member 320.

As described herein, the threshold torque that the spindle
300 1s capable of transmitting between the mput member
310 and the output member 320 (and thus from the handle
110 to the hub 230) corresponds to the biasing force exerted
by the bias mechamism 350. In certain embodiments, the
spring 352 may be preloaded to increase the biasing force
exerted by the bias mechanism 350. Additionally or alter-
natively, the bolt head 356 may include a feature by which
the head 356 can be engaged by a tool operable to tighten or
loosen the bolt 354 to increase or decrease the preload of the
spring 352. For example, the illustrated head 356 includes a
tool-engaging feature 357 1n the form of a recess sized and
shaped to receive a tip of a hex key by which the bolt 354
can be rotated. It 1s also contemplated that the tool-engaging
teature 357 may take another form, such as that of a Phillips
head recess, a flathead recess, a star-drive recess, or a recess
or projection of another geometry by which torque can be
transmitted from an appropnate tool to the bolt 354. In the
illustrated form, such a tool may be inserted through the
open proximal end 318 to {facilitate adjustment of the
preload provided by the spring 352.

With additional reference to FIG. 8, the stop feature(s)
360 are configured to prevent exiting of the bias mechanism
350 from the cavity 316 via the open proximal end 318 of
the mput member 310. In the illustrated form, the stop
teature(s) 360 are provided in the form of a pair of radial
projections 362 that project inwardly to reduce the effective
diameter of the open proximal end 318. More particularly,
the illustrated stop feature(s) 360 reduce the effective diam-
cter of the open proximal end 318 to an eflective diameter
that 1s less than the diameter of the bolt head 356. As a result,
the bias mechanism 350 remains captured within the cham-
ber 316, even when the threaded distal portion 338 1s fully
disengaged from the threaded bore 326.

Should the spring 352 be preloaded as described above, 1t
may be the case that loosening the bolt 354 until the distal
end 3358 exits the threaded bore 326 causes the spring 352 to
continue urging the bolt 354 in the proximal direction.
Should the preload be sufliciently high, the spring 352 may
exert a suflicient force to cause the bolt 354 to shoot 1n the
proximal direction toward the user when the threads of the
distal end 358 disengage from the threads of the bore 326.
However, the exiting of the bolt 354 from the cavity 316 by
the stop feature(s) 360 1s prevented as described above,
thereby protecting the user from harm.

During manufacture and/or assembly of the spindle 300,
the stop feature(s) 360 may initially be omitted from the
input member 310 to facilitate msertion of the bias mecha-
nism 330 into the chamber 316. The bias mechanism 350
may be 1nserted mto the chamber 316 such that the threaded
distal end portion 358 projects beyond the distal end of the
input member 310. The threaded distal end portion 358 may
then be inserted into the threaded bore 326, and an appro-
priate tool may be inserted via the open proximal end 318 to
rotate the bolt 354 until a desired preloading of the spring
352 1s achieved. The stop feature(s) 360 may then be formed
in the mput member 310, for example by deforming the
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proximal end of the mput member 310 to define the radial
projections 362. It 1s also contemplated that the stop mem-
ber(s) 360 may be provided to the mput member 310 in
another manner, for example by 1inserting a set screw
through an opening formed in the proximal end portion of
the mput member 310.

Once assembled, the spindle 300 may be installed to the
lockset 100 1n a manner similar to that of conventional
spindles. For example, the distal end portion of the spindle
300, which 1s defined by the body portion 322 of the output
member 320, may be inserted into the hub opening 233 for
engagement with the hub 230 1n a manner common to
mortise locksets. Similarly, the proximal end portion of the
spindle 300, which 1s defined by the body portion 312 of the
input member 310, may be inserted into the handle cavity
113 for engagement with the handle 110. The mput member
310 may, for example, include a radial bore operable to
receive a set screw by which the handle 110 may be
longitudinally and rotationally coupled with the input mem-
ber 310.

Once stalled to the lockset 100, the spindle 300 serves
to selectively transmit torque from the handle 110 to the hub
230 by transmitting torques below a threshold torque while
slipping in response to application of torque in excess of the
threshold torque. The threshold torque 1s sufliciently high
that when the lockset 100 1s 1n 1ts unlocked state, the spindle
300 1s capable of transmitting a torque suilicient to rotate the
hub 230 to drive the latchbolt 220 to its retracted position.
More particularly, the bias mechanism 350 retains the
engagement features 331, 335 in engagement with one
another such that torques applied to the handle 110 are
transmitted to the hub 230 for retraction of the latchbolt 220.

When the lockset 100 1s 1n 1ts locked state and a torque
below the threshold torque value 1s applied to the handle
110, the bias mechanism 350 retains the engagement fea-
tures 331, 335 1 engagement with one another such that the
ramps 332, 336 resist relative rotation of the input member
310 and the output member 320. As the applied torque
increases, the engagement features 331, 335 begin to slip,
and the ramps 332, 336 drive the input member 310 axially
away Irom the output member 320, thereby permitting
rotation of the mput member 310 relative to the output
member 320 and preventing the excessive torque from being
transmitted to the hub 230. Should the excessive torque
continue to be applied, each protrusion 333 will enter the
recess 336 that was previously adjacent to the protrusion,
thereby providing the handle 110 with a new orientation
relative to the chassis 200.

Those skilled 1n the art will readily recogmize that the
number ol discrete rotational positions available to the
handle 110 corresponds to the number of protrusions 333,
337 and recesses 334, 338. In the illustrated form, the
spindle 300 includes three of the protrusions 333, 337 and
three of the recesses 334, 338 to thereby provide the handle
110 with three discretely selectable orientations. Should a
first excessive torque be applied to rotate the handle 110 to
a non-desired orientation, a second excessive torque may be
applied to return the handle 110 to the desired orientation 1n
discrete increments. These discrete orientations are 1n con-
trast to certain conventional slip clutches, which provide the
handle with a continuous range of positions when excessive
torque 1s applied. As a result of the continuous range of
positions, 1t may be diflicult to return the handle to the
precise desired orientation after the application of an exces-
sive torque. As such, the discrete rotational positions pro-
vided by the illustrated spindle may be advantageous in
comparison to traditional slip clutches.
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In certain circumstances, 1t may be desirable to adjust the
threshold torque to which the clutch mechanism 330 1s
configured to limit torque transmission between the mput
member 310 and the output member 320. As will be appre-
ciated, this threshold torque value depends upon a number of
factors, including but not limited to the angles of the ramps
332, 336 the frictional coeflicient of the ramps 332, 336, and
the biasing force exerted by the bias mechanism 350. Of
these factors, the most practical to adjust after manufacture
of the spindle 300 1s the biasing force exerted by the bias
mechanism 350. Adjusting this biasing force may, for
example, be accomplished by tightening or loosening the
bolt 354 to increase or decrease the preload of the spring
352.

In order to adjust the biasing force generated by the bias
mechanism 350 (and thus the threshold torque operable to be
transmitted by the clutch mechanism 330), the handle 110
may be removed from the spindle 300 and an appropnate
tool may be inserted via the open proximal end 318 for
engagement with the tool-engaging feature 357. The tool
may then be rotated in an appropriate direction for adjust-
ment of the biasing force. For example, tightening the bolt
354 may increase the preload of the spring 352 to cause a
corresponding 1ncrease the biasing force (and thus the
threshold torque), while loosening the bolt 354 may
decrease the preload of the spring 352 to cause a corre-
sponding decrease 1n the biasing force (and thus the thresh-
old torque).

With additional reference to FIG. 9, illustrated therein 1s
a torque-limiting spindle 400 according to certain embodi-
ments. The spindle 400 1s substantially similar to the above-
described spindle 300, and similar elements and features are
indicated with similar reference characters. For example, the
spindle 400 includes an input member 410, an output
member 420, a clutch mechanism 430, a bias mechanism
450, and one or more stop features 460, which respectively
correspond to the above-described mput member 310, out-
put member 320, clutch mechanism 330, bias mechanism
350, and stop feature(s) 360. In the interest of conciseness,
the following description of the spindle 400 focuses primar-
i1ly on elements and features that are different from those
described above with reference to the spindle 300.

In the illustrated form, the spindle 400 includes an exter-
nal bias mechanism 470 that supplements or replaces the
biasing force of the internal bias mechanism 450. The
external bias mechanism 470 generally includes a collar 472
and a compression spring 476 mounted in the collar 472. The
collar 472 includes a proximal end wall 473 having an
opening through which the mput member 410 extends, and
a circumierential sidewall 474 extending distally from the
end wall 473. A circlip 475 1s positioned at a distal end of
the collar 472 and abuts the flange 428 of the output member
420. A portion of the nput member 410 extends through the
spring 476, and the spring 476 1s sandwiched between the
end wall 473 and a flange 413 formed on the input member
410, thereby providing an additional biasing force urging the
engagement features 431, 435 of the clutch mechanism 430
into engagement with one another.

In the illustrated form, the biasing force provided by the
external bias mechanism 470 supplements the biasing force
provided by the internal bias mechanism 430, thereby

increasing the threshold torque associated with the spindle
400. While the illustrated spindle 400 includes both the

internal bias mechanism 450 and the external bias mecha-
nism 470, it 1s also contemplated that the external bias
mechanism 470 may be used instead of the internal bias
mechanism 450 such that the internal bias mechanism 450
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may be omitted. In such forms, the biasing force urging the
engagement features 431, 435 of the clutch mechanism 430
into engagement with one another may be defined by the
external bias mechanism 470

With additional reference to FIG. 9, illustrated therein 1s
a torque-limiting spindle 500 according to certain embodi-
ments. The spindle 500 1s substantially similar to the above-
described spindle 300, and similar elements and features are
indicated with similar reference characters. For example, the
spindle 500 includes an input member 510, an output
member 520, a clutch mechanism 530, a bias mechanism
550, and one or more stop features 560, which respectively
correspond to the above-described mput member 310, out-
put member 320, clutch mechanism 330, bias mechanism
350, and stop feature(s) 360. In the interest of conciseness,
the following description of the spindle 500 focuses primar-
i1ly on elements and features that are diflerent from those
described above with reference to the spindle 300.

In the illustrated form, the spindle 500 includes an exter-
nal bias mechanism 570 that supplements or replaces the
biasing force of the internal bias mechanism 3550. The
external bias mechanism 570 generally includes at least one
first magnet 571 mounted to the mput member 510 and at
least one second magnet 572 mounted to the output member
520. The magnets 571, 572 are oriented to provide an
attractive magnetic force urging the mput member 510 and
the output member 520 into engagement with one another,
thereby urging the engagement features 531, 5335 of the
clutch mechanism 530 into engagement with one another.

In the 1llustrated form, the biasing force provided by the
external bias mechanism 570 supplements the biasing force
provided by the internal bias mechanism 550, thereby
increasing the threshold torque associated with the spindle
500. While the illustrated spindle 500 includes both the
internal bias mechanism 350 and the external bias mecha-
nism 570, it 1s also contemplated that the external bias
mechanism 570 may be used instead of the internal bias
mechanism 350 such that the internal bias mechanism 5350
may be omitted. In such forms, the biasing force urging the
engagement features 331, 535 of the clutch mechanism 530
into engagement with one another may be defined by the
external bias mechanism 570.

One differentiating feature associated with the magnetic
external bias mechanism 570 relates to the feel of the spindle
500 during use. As will be appreciated by those skilled 1n the
art, the bias force provided by magnets varies non-linearly
with respect to distance, and decreases as distance increases.
Thus, the bias force provided by the magnetic external bias
mechanism 570 will decrease as the engagement features
531, 535 dnive the magnets 571, 372 away from each other.
This feature provides for a more sudden breakaway when
excessive torque 1s applied when compared to the gradual
slippage that occurs in association with the linear elastic
deformation of springs.

With additional reference to FIGS. 11 and 12, illustrated
therein 1s a torque-limiting spindle 600 according to certain
embodiments. The spindle 600 generally includes a first
spindle portion 610 defining one of an input member or an
output member, a second spindle portion 620 defining the
other of an mmput member or an output member, and a
deformable collar 630 that selectively rotationally couples
the first spindle portion 610 with the second spindle portion
620.

The first spindle portion 610 defines one of an input
member or an output member, and generally includes a body
portion 612 and at least one radial lobe 614 extending
radially from the body portion 612. In the illustrated
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embodiment, the at least one radial lobe 614 comprises a
plurality of the radial lobes 614. While other geometries are
contemplated, in the illustrated form, the radial lobes 614
have a generally parabolic shape. In certain embodiments,
the first spindle portion 610 may be configured as an input
member configured for connection with the handle 110. In
such forms, the body portion 612 may be sized and shaped
for reception 1n the chamber 113. In other embodiments, the
first spindle portion 610 may be configured as an output
member configured for connection with the hub 230. In such
forms, the body portion 612 may be sized and shaped for
reception in the hub opening 233.

The second spindle portion 620 defines the other of an
input member or an output member, and generally includes
a body portion 622. In certain embodiments, the second
spindle portion 620 may be configured as an input member
configured for connection with the handle 110. In such
forms, the body portion 622 may be sized and shaped for
reception in the chamber 113. In other embodiments, the
second spindle portion 620 may be configured as an output
member configured for connection with the hub 230. In such
torms, the body portion 622 may be sized and shaped for
reception in the hub opening 233.

The collar 630 1s coupled with the second spindle portion
620, for example via a pin 632, and includes a plurality of
recessed portions 634 that receive the radial lobes 614 of the
first spindle portion 610. While other geometries are con-
templated, 1n the 1llustrated form, the recessed portions 634
have generally semi-circular shapes. The collar 630 1s
formed of an elastically deformable material that resists
rotation of the first spindle portion 610 without preventing
such rotation. In certain embodiments, one or more of the
recessed portions 634 may comprise a slit 635 that facilitates
the elastic deformation of the collar 630 during relative
rotation ol the first spindle portion 610 and the second
spindle portion 620.

During operation of the spindle 600, the collar 630
initially recerves the lobes 614 of the first spindle portion
610. When a torque below the threshold torque 1s applied
between the first spindle portion 610 and the second spindle
portion 620, the collar 630 retains its shape and transmits
such torque between the first spindle portion 610 and the
second spindle portion 620. When the applied torque
exceeds the threshold torque, the lobes 614 elastically
deform the collar 630 to permit relative rotation of the first
spindle portion 610 and the second spindle portion 620.
When the first spindle portion 610 1s rotated through a
predetermined angle relative to the second spindle portion
620, the collar 630 returns to 1ts original shape as each lobe
614 enters a new recess 634 to provide the handle 110 with
a new orientation relative to the chassis 200. This new
orientation 1s provided in one of a plurality of discrete
orientations, with the number of available discrete orienta-
tions corresponding to the number of lobes 614 and/or
recesses 634. The handle 110 may be returned to 1ts desired
orientation by applying excessive torque to once again cause
clastic deformation of the collar 630 to return each lobe 614
to 1ts original recess 634.

In the 1llustrated embodiment, the distal end of the first
spindle portion 610 and the proximal end of the second
spindle portion 620 are substantially flat, and thus do not
define an axial clutch mechanism along the lines of the
clutch mechanism 330. It 1s also contemplated that the
spindle 600 may be provided with ramps that define an axial
clutch mechamism along the lines of the above-described
clutch mechanism 330. In such forms, the spindle 600 may
turther include a bias mechanism along the lines of the bias
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mechanism 350 such that the rotational clutch mechanism
defined by the deformable collar 630 and the axial clutch
mechanism both contribute to the threshold torque.

In certain embodiments, a torque-limiting spindle such as
one of the above-described spindles 300, 400, 500, 600 may
be provided to the lockset 100 at the time of manufacture
and/or sale to an end user. It 1s also contemplated that a
torque-limiting spindle may be provided 1n a retrofit kit for
an existing lockset. For example, the lockset 100 may
initially be provided with a conventional spindle such that
locking of the hub 220 prevents rotation of the handle
attached to the conventional spindle. A method of retrofitting
such a lockset may comprise providing a torque-limiting
spindle (e.g., one of the above-described spindles 300, 400,
500, 600), wherein the torque-limiting spindle 1s configured
to replace the existing spindle of the lockset. The method
may further comprise replacing the conventional spindle
with the torque-limiting spindle, thereby converting the
existing lockset to a retrofitted lockset along the lines of the
above-described lockset 100. Whereas the original lockset
(1including the conventional spindle) was configured to rota-
tionally lock the handle when the lockset was 1n the locked
state, the retrofitted lockset (including the torque-limiting
spindle) 1s operable to provide a breakaway function
whereby the handle 1s capable of rotating when the lockset
1s 1n the locked state.

As noted above, although the illustrated lockset 100 1s
provided in the form of a mortise lockset, 1t 1s also contem-
plated that a torque-limiting spindle along the lines of the
illustrated spindles 300, 400, 500, 600 may be utilized 1n
connection with other forms of locksets. For example, 1n
embodiments 1n which the spindle i1s configured for use with
a cylindrical lockset, the output member may be configured
for connection with a rotatable member in the form of a
portion of a key cam assembly, such as the shell thereof. In
embodiments 1n which the spindle 1s configured for use with
a tubular lockset, the output member thereof may be con-
figured for connection with a rotatable member 1n the form
of a retractor of a tubular latch mechanism. It 1s also
contemplated that other embodiments of the torque-limiting
spindle described herein may include additional or alterna-
tive features appropriate for use with the components typical
of other lockset formats.

While the invention has been illustrated and described 1n
detail in the drawings and foregoing description, the same 1s
to be considered as 1illustrative and not restrictive in char-
acter, 1t being understood that only the preferred embodi-
ments have been shown and described and that all changes
and modifications that come within the spirit of the inven-
tions are desired to be protected.

It should be understood that while the use of words such
as prelerable, preferably, preferred or more preferred uti-
lized 1n the description above indicate that the feature so
described may be more desirable, 1t nonetheless may not be
necessary and embodiments lacking the same may be con-
templated as within the scope of the invention, the scope
being defined by the claims that follow. In reading the
claims, 1t 1s intended that when words such as an,” “at
least one,”

& e Y 1
d

or “at least one portion” are used there 1s no
intention to limit the claim to only one item unless specifi-
cally stated to the contrary 1n the claim. When the language
“at least a portion” and/or *“‘a portion” 1s used the item can
include a portion and/or the entire 1tem unless specifically
stated to the contrary.
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What 1s claimed 1s:

1. A torque-limiting spindle, comprising:

an input member extending along a longitudinal axis and
configured for connection with a handle, the input
member comprising an input member end face includ-
ing a first engagement feature;

an output member extending along the longitudinal axis
and configured for connection with a rotatable member
of a lockset, the output member comprising an output

member end face including a second engagement fea-

ture;

a clutch mechanism comprising the first engagement
feature and the second engagement feature; and

a bias mechanism engaged with the input member and the
output member and exerting a biasing force urging the

first engagement feature and the second engagement

feature into engagement with one another, wherein the

bias mechanism comprises:

a bolt comprising a first end portion, a head, and an
clongated body extending between the first end por-
tion and the head; and

a spring extending along the elongated body and
engaged with the head such that the spring exerts the
biasing force onto the head to bias the input member
toward the output member and urge the first engage-
ment feature into engagement with the second
engagement feature.

2. The torque-limiting spindle of claim 1, wherein the
clutch mechanism 1s operable to transmit a first torque below
a threshold torque value between the imput member and the
output member; and

wherein engagement between the first engagement feature

and the second engagement feature drives the input
member and the output member longitudinally away
from one another 1n response to application of a second
torque above the threshold torque value such that the
clutch mechanism 1s moperable to transmait the second
torque between the input member and the output mem-
ber.

3. The torque-limiting spindle of claim 1, wherein the first
end portion 1s a distal end portion coupled with the output
member; and

wherein the head 1s a proximal head received 1n the 1nput

member.

4. The torque-limiting spindle of claim 3, wherein the
distal end portion of the bolt 1s threadedly engaged with the
output member; and

wherein the proximal head includes a tool-engaging fea-

ture configured to engage a tool operable to rotate the

bolt to thereby adjust a preload of the spring.

5. The torque-limiting spindle of claim 1, wherein the
input member comprises an opening configured to receive a
tool operable to engage a portion of the bias mechanism to
adjust a biasing force generated by the bias mechanism.

6. The torque-limiting spindle of claim 5, wherein the
input member further comprises a stop feature formed
adjacent the opening and configured to retain the bias
mechanism within the mput member.

7. The torque-limiting spindle of claim 1, further com-
prising an external bias mechanism positioned externally of
the mput member and the output member and providing a
supplemental biasing force urging the first engagement
feature and the second engagement feature into engagement
with one another.

8. The torque-limiting spindle of claim 7, wherein the
external bias mechamism comprises a collar engaged with
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the output member and a spring engaged between a flange of
the mput member and an end wall of the collar.

9. The torque-limiting spindle of claim 7, wherein the
external bias mechanism comprises a first magnet mounted
to the input member and a second magnet mounted to the
output member; and

wherein the first magnet and the second magnet are
ortented to generate an attractive magnetic force
between the first magnet and the second magnet.

10. The torque-limiting spindle of claim 1, wherein the
input member 1s a {irst single-piece structure that defines the
first engagement feature; and

wherein the output member 1s a second single-piece
structure that defines the second engagement feature.

11. A lockset comprising the torque-limiting spindle of
claim 1, further comprising:

a bolt member having an extended position and a retracted

position;

a rotatable member operably connected with the bolt
member such that rotation of the rotatable member
drives the bolt member between the extended position
and the retracted position, wherein the rotatable mem-
ber 1s rotationally coupled with the output member; and

a handle rotationally coupled with the mput member.

12. A torque-limiting spindle, comprising:

an 1nput member extending along a longitudinal axis and
configured for connection with a handle, the input
member defining a chamber having an open proximal
end, wherein the chamber 1s defined 1n part by a distal
shoulder:;

an output member positioned distally of the input member
and configured for connection with a rotatable portion
of a lockset, the output member comprising a threaded
bore;

a bias mechanism mounted at least partially in the cham-
ber, the bias mechanism comprising:

a bolt including a proximal head and a distal threaded
portion, wherein the proximal head 1s received in the
chamber and the distal threaded portion 1s threadedly
engaged with the threaded bore; and

a spring mounted to the bolt between the proximal head
and the distal shoulder;

wherein the bolt includes a tool-engaging feature con-
figured to engage a tool operable to rotate the bolt to
thereby adjust a preload of the spring; and

a clutch mechanism operable to transmit a first torque

between the input member and the output member and

inoperable to transmit a second torque between the
input member and the output member, wherein the
clutch mechanism comprises a first engagement feature

defined at an end face of the mput member, and a

second engagement feature defined at an end face of the

output member, and wherein the first engagement fea-
ture and the second engagement feature are axially
pressed nto engagement with one another by the bias
mechanism;

wherein the first torque 1s less than a threshold torque;

wherein the second torque is greater than the threshold
torque; and

wherein the threshold torque corresponds to the preload of
the spring.

13. The torque-limiting spindle of claim 12, wherein the

input member has an open proximal end configured to
receive insertion of the tool.
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14. The torque-limiting spindle of claim 13, turther com-
prising a stop feature formed 1n the input member, the stop
feature configured to prevent exiting of the bias mechanism
via the open proximal end.

15. The torque-limiting spindle of claim 14, wherein the
stop feature comprises a deformation of the mput member
that projects radially inward into the open proximal end.

16. The torque-limiting spindle of claim 12, wherein the
clutch mechanism comprises:

a first ramp defined by the end face of the mput member;

and

a second ramp defined by the end face of the output
member; and

wherein the first ramp faces and engages the second ramp
such that relative rotation of the input member and the
output member longitudinally drives the mnput member
and the output member away from one another.

17. The torque-limiting spindle of claim 12, wherein the

clutch mechanism comprises:

a lirst plurality of ramps defined by the end face of the
input member, the first plurality of ramps defimng a
first projection and a {first recess; and

a second plurality of ramps defined by the end face of the
output member, the second plurality of ramps defining
a second projection and a second recess;

wherein the first plurality of ramps face and engage the
second plurality of ramps;

wherein the first projection 1s received in the second
recess;

wherein the second projection 1s received in the first
recess; and

wherein relative rotation of the input member and the
output member longitudinally drives the input member
and the output member away from one another.

18. A lockset comprising the torque-limiting spindle of

claim 12, further comprising:

a bolt member having an extended position and a retracted
position;

a rotatable member operably connected with the bolt
member such that rotation of the rotatable member
drives the bolt member between the extended position
and the retracted position, wherein the rotatable mem-
ber 1s rotationally coupled with the output member; and

a handle rotationally coupled with the mput member.

19. A torque-limiting spindle, comprising;

an input member extending along a longitudinal axis and
configured for connection with a handle, the nput
member comprising an mnput member end face;
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an output member extending along the longitudinal axis
and configured for connection with a rotatable member
of a lockset, the output member comprising an output
member end face that faces the input member end face;
a clutch comprising a first engagement feature associated
with the input member end face, and a second engage-
ment feature associated with the output member end
face;

an elongate member engaged between the input member

and the output member and comprising a first end
portion, and an elongated body extending between the
first end portion and the second end portion; and

a spring extending along the elongated body and exerting,

a biasing force onto the elongated body to bias the input
member toward the output member and urge the first
engagement feature into engagement with the second
engagement feature.

20. The torque-limiting spindle of claim 19, wherein the
clutch 1s operable to transmait a first torque between the input
member and the output member and noperable to transmit
a second torque between the input member and the output
member.

21. The torque-limiting spindle of claim 20, wherein the
first torque 1s less than a threshold torque;

wherein the second torque is greater than the threshold

torque; and

wherein the threshold torque corresponds to a preload

force of the spring.

22. The torque-limiting spindle of claim 19, wherein the
clutch 1s operable to transmait a first torque below a threshold
torque value between the mput member and the output
member; and

wherein engagement between the first engagement feature
and the second engagement feature drives the input
member and the output member longitudinally away
from one another 1n response to application of a second
torque above the threshold torque value such that the
clutch mechanism 1s moperable to transmait the second
torque between the mput member and the output mem-
ber.

23. The torque-limiting spindle of claim 19, wherein the
input member 1s a first single-piece structure that defines the
first engagement feature; and

wherein the output member 1s a second single-piece

structure that defines the second engagement feature.
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